FUEL/AIR SEPARATION SYSTEM 



CROSS-REFERENCE TO RELATED APPLICATION 
[0001] This application claims the benefit of a prior filed, co-pending application 

Serial No. 60/449,518, filed February 21, 2003, entitled FUEL/AIR SEPARATION 
SYSTEM. 

BACKGROUND OF THE INVENTION 
[0002] This invention relates to an apparatus for removing entrained gas from a 

liquid and, more particularly, to a fuel/air separation apparatus to remove entrained particle 
contaminants, air and vapor from a liquid. 

[0003] Today's internal combustion engines typically utilize a fuel injection type 

system to inject fuel into the engine cylinder. The fuel is delivered to the cylinder in precise 
quantity of air. The ratio of air/fuel mixture is tightly controlled in order to maintain a 
smooth and efficient running engine. If air or other gaseous vapor is entrained with the fuel 
and injected into the cylinder, the air/fuel ratio may be affected resulting in a rough running 
engine and loss of power and efficiency. Air and/or vapor in a fuel injector delays injection 
of fuel into the cylinder retarding the engine timing. Additionally, additional air or vapor 
may lower the cylinder air pressure resulting in the cylinder rings not tightly seating against 
the cylinder wall and allowing blow-by and increasing vehicle exhaust emissions. 
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SUMMARY OF THE INVENTION 
[0004] A fuel/air separation apparatus is provided which separates entrained 

air/vapor from fuel. The apparatus includes a canister and filter element which separates the 
fixel from entrained air/vapor bubbles and provide separate paths for substantially air/vapor- 
free fuel to go to the vehicle's engine and the air/vapor and any excess fuel to return to the 
vehicle's fuel tank. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0005] Fig. 1 is a diagrammatic sectional view of a fuel system utilizing a fuel/air 

separation apparatus of the present invention 

[0006] Fig. 2 is an enlarged sectional view of the fuel/air separation apparatus of 

Fig. 1. 
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DET AILED DESCRIPTION 
[0007] Referring to Fig. 1 , an illustration of a fuel system for use in a vehicle (not 

shown) is generally indicated by reference numeral 10. The fuel system 10 includes a fuel 
tank 12 for storing fuel 14, and a fuel intake 16 to draw fuel 14 from tank 12 under a vacuum 
from pump 1 8. The input of pump 1 8 is connected to an optional fuel filter or water 
separator 20 to separate out particle contaminants such as dirt and rust particles and/or water 
from the fuel 14. The output of pump 18 is connected to fuel/air separation apparatus 22. 
[0008] Fuel/air separation apparatus 22 includes an inlet port 24, a hallow canister 

26, a filter element 28, a draw tube 30, a fuel port 32 and an air/vapor/fuel return port 34. 
[0009] Fuel 14 in tank 12 includes air and vapor bubbles 15 mixed with the fuel 

14. As the fuel 14 is drawn into the fuel intake tube 16, the entrained air/vapor bubbles 15 
are carried along with the fuel 14 into the fuel line 17. Fuel 14 in line 17 may also include 
other debris such as dirt and rust particles and water (not shown). 

[0010] Referring to Figs. 1 and 2, the fuel 14 and entrained air/vapor bubbles 15 

travel through pump 1 8 and filter/water separator 20. The fuel 14 with entrained air/vapor 
bubbles 15 enters fuel/air separation apparatus 22 through inlet port 24 under pressure from 
pump 18. The fuel 14 and entrained air/vapor bubbles 15 are directed into canister 26 at the 
outer diameter of filter 28. Filter 28 is a conventional pleated paper fuel filter, for example. 
[0011] At this point, the filter 28 allows the fuel 14 to pass while at the same time 

providing resistance to the air/vapor 15 passage through the filter media. As the fuel passes 
through filter 28, it enters draw tube 30 and continues onto the outlet port 32 to the vehicle's 
engine (not shown) with substantially no entrained air/vapor. If the fuel demand of the 
engine is less than the fuel provided by pump 18, the excess fuel returns to the tank 12 
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through the return port 34 and return line 35. Air/vapor bubbles 15 rise to the highest point in 
canister 26 and collect. 

[0012] When an equilibrium point is reached where the pressure differential across 

the filter 28 is equal to the wetted paper resistance to air/vapor passage, air or vapor collected 
at the top of canister 26, shown as the area above broken line 36, passes through the top 
portion of filter 28, generally indicated by reference number 38. The air/vapor that has 
passed through filter 28 is immediately passed through return port 34 along with any excess 
fuel and returns to tank 12. In this manner, any dirt or rust particles are removed by filter 28 
before the fuel and/or air/vapor are returned to the tank 12. 

[0013] Fuel/air separation apparatus 22 includes a base 23 which is machined from 

aluminum stock or other suitable material. The base 23 has an inlet port 24, an outlet port 32 
and a return port 34. A threaded inlet fitting 40 is threadably inserted into inlet portion 24 in 
base 23. Inlet fitting 40 provides a coupling to inlet line 25. A threaded outlet fitting 42 is 
threadably inserted into outlet port 32 and provides a coupling to outlet line 33. A threaded 
return fitting 44 is threadably inserted into return port 34 and provides a coupling to return 
line 35. 

[0014] Draw tube 30 has a threaded upper portion that is inserted into the outlet 

port 32 opposite the outlet fitting 42. Draw tube 30 passes through a threaded filter media 
receiver 46 which is in communication with return port 34. The threaded media receiver 46 
is sized to allow free-flow of fuel 14 and air/vapor 15 that has passed through filter element 
28 around the upper portion of draw tube 30 to return port 34. 

[0015] Canister 26 includes a filter element 28 which is generally centered within 

canister 26 and secured with support structure 48. Support structure 48 is perforated or has 
spaced-apart ribs to allow free flow of fuel 14 around filter element 28. Filter element 28 
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may be a common prior art cylindrical filter element which includes upper 50 and lower 52 
retaining plates to provide structure and shape to the filter media of filter 28. The upper 
retaining plate 50 includes a threaded aperture generally centered in plate 50 which is sized to 
engage threaded filter media receiver 46. Filter element 28 includes a cavity (not shown) to 
receive draw tube 30. Canister 26 is similar to a spin-on type oil or fuel filter. 
[0016] Fuel 14 in tank 12 includes air and vapor bubbles 15 due to the fuel 14 

sloshing about and the vacuum from fuel pump 18. Fuel pump 18 draws the air and vapor 
bubbles 15 into the fuel intake tube 16 where they become entrained with fuel 14. The fuel 
14 and air/vapor 15 mixture travels through the optional fuel filter/water separator 20 and 
through pump 18 to the inlet line 25 coupled to inlet fitting 40. The fuel 14 and air/vapor 15 
mixture continues through the inlet port 24 into the canister 26 surrounding filter element 28. 
Filter element 28 dislodges the air/vapor bubbles 15 from the fuel 14 which passes through 
the filter element 28 and into draw tube 30. The substantially air/vapor-free fuel 14 passes up 
through draw tube 30 through outlet port 32 and outlet fitting 42 to outlet line 33 and on to 
the vehicle engine (not shown). 

[0017] If the fuel needs of the engine are less than the output of pump 1 8, then the 

excess fuel 14 which passes through filter element 28 is forced through filter media receiver 
46 coupled to return port 34 and fitting 44, through return line 35 and back to the tank 12. 
Clean, filtered fuel is returned to tank 12. 

[0018] Air/vapor bubbles 15 which are dislodged from fuel 14 on the outside of 

filter 28 rise to the top of canister 26 and accumulate. Once an equilibrium point is reached 
where the pressure differential across the filter media 28 is greater than or equal to the wetted 
filter media resistance to air/vapor passage, the air/vapor that has accumulated at the top of 
canister 26 is forced through the upper portion of filter media 28 near the top plate 50. The 
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air/vapor 15 that has passed through filter 28 immediately escapes through filter media 
receiver 46 and back to tank 12 through return line.35. Clean, filtered air, vapor and fuel is 
returned to tank 12. 

[0019] It should be understood that application of the present invention is not 

limited to removal of air/vapor from fuel but may be adapted by one skilled in the art to 
remove entrained air/vapor/gas from any liquid. 

[0020] It is to be understood that while certain forms of this invention have been 

illustrated and described, it is not limited thereto, except in so far as such limitations are included 
in the following claims and allowable equivalents thereof. 



